The peroxidase-cyclooxygenase superfamily: Reconstructed evolution of critical enzymes of the innate immune system.
The authors have reconstructed the phylogenetic relationships of the main evolutionary lines of mammalian heme containing peroxidases. The sequences of intensively investigated human myeloperoxidase, eosinophil peroxidase, and lactoperoxidase, which participate in host defence against infections, were aligned together with newly found open reading frames coding for highly similar putative peroxidase domains in all kingdoms of life. The evolutionary relationships were reconstructed using neighbor-joining, maximum parsimony, and maximum likelihood methods. It is demonstrated that this enzyme superfamily obeys the rules of birth-and-death model of multigene family evolution and contains proteins with a variety of function that could be grouped in seven subfamilies. On the basis of occurrence and the fact that two main enzymatic activities are related with these metalloproteins, they propose the name peroxidase-cyclooxygenase superfamily for this widely spread group of heme-containing oxidoreductases. Well known structure-function relationships in mammalian peroxidases formed the basis for the critical inspection of all subfamilies. The presented data unequivocally suggest that predecessor genes of mammalian heme peroxidases have segregated very early in evolution. Before organisms developed an acquired immunity, their antimicrobial defence depended on enzymes that were recruited upon pathogen invasion and could produce antimicrobial reaction products. Thus, these peroxidatic heme proteins evolved to important components in the innate immune defence system. This work shows that even in certain prokaryotic organisms, genes encoding putative antimicrobial enzymes are found providing a group of bacteria with an evolutionary advantage over the others.